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(54) OUTER RESONATOR-TYPE TEMPERATURE NON-CONTROL 
SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
temperature non-control semiconductor 
laser device which is kept stable in 
oscillation frequency in a wide operating 
temperature range (50° C or above) that 
is required for practical use without using 
a temperature regulating mechanism and 
also restrained from deteriorating in 
quality of signal light. 
SOLUTION: This outer resonator-type 
semiconductor laser is equipped with a 
fiber with a diffraction grating, where the 
reflected spectrum of a diffraction grating 
is set smaller in width than the oscillation 
spectrum of a semiconductor amplifying device. The parameters of the 
diffraction grating or the semiconductor amplifying device are so set as 
to make a loss difference at light intensity modulation smaller than a 
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loss inversion tolerance between an oscillation longitudinal mode and a 
non-oscillation longitudinal mode. 
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^fSllCfelNTX^)^-*a?dgSM1 TOESOAttS 
aB<Darffllc»«Lfc^^^yial«*^ BG 

-?z>ft$mm&m*mftis—*- (ecdd icasi* 10 

G0>Klt*'<* HU#SM«§R_BW<!:. TOESOAtttt* 

5igdW_SHB<t<Dra"C. 
R_BW< dW_S H B 

£;8SL, fioTOEBG^&ltX^ hJUR (A) 
«rlBECDL0>«^— KaftMHS.LMfc. aA«3lE 
*^PlCcfc^PCMltS3fe5iS^i@ (JUT* PCM_M 

i»-r«) icfcit-s. mesoA0)B8f«Knd nicj: 

l»^$g|IMa)tiidL_e f f_n, Stl/lCfUB 20 
SOAOMHt#l«4t4* TOESOACD^USS;* 
Gia>flWM>d Lfz££^««t^»;gtf>£S}*d L_e 

SKl*d L_e f f tlCfcffLTfc**. TOEBGC&Jfc 

OOHIfrE— KflDflTKBGlCcfc y»5 d B^(i(7)li^L o 
ss_LM1<hLos s_LM2(DS^ TOEP CM_ 
MIZ#l^Tffi — Los s.AMP.B^b+L o s s_A 
MP_B*T*S»^^ttS§lCfclf^MlE^*:a)^COffii!® 
Los s.AMP.B (R (A) , S_LM, d L_e f 30 
f) k+ ttffl**L4ttES O AC*t U 7©/^ K«l 
WaftlHrj nlzft**ft«»3M«rt*tti:. HEP 
c M_M^-e*/ ^ — *><fi(£ is*)uk o r i*«HB0> TO 

ESOAfl^ttlf ft<B5fc^-»S_ i n_K C D L 

a)^M3tftiSSSL_c a ^i:MLt^4, TOE 

Hlc«»««lw**IR*-K36«1WEBGlz*y«* 
d Bm(i<Dti**L o s s_L LA^SeffittJglZfclMfe 

«^ - 5 % TOE B G ic «fc y « 4 IB ftjt *<S ti'J x £ 
Mt^-K©. WEBGlCj:y«*dB*tta)IB5fe«Lo 40 

K-ea>m-^- ku— y r ~*atii»Lft*6fc y»* 
s*o)jE(D<a. -rtt^^a5fefflK»s*d Lo s s u 

_in,S_in_I,L_ca) ^(7)^^?. d L o s s ( r 
_ i n t S_i n_I , L_c a) >Los s.AMP.B (R 

(A) . S_LM. d L_e f f ) £ iSS^S^ 5 \Z* TOE 
SOA0/<7^-^ r_ i n, d W_S HB.dL.e f 

f . S}SBECDL0/^7>-^ S.LM, L.ca, TOE 
BGfl)/<7^-^R (A) . TOES o A4)4$f9L &1/TO 
EECDLCDMSttffllc^oTft**/^*— *S_ i 50 



n_I. TOEBG<M$flL Xl/ECD L (BgM&tt® (::<*: 

2 1 toe b g <D5L$t e— * *s £ a P t l % 

n = 1ffilM*n = 2fcLT* TOEB GtD'J -7A^" — iU 
"CCDSStX^^ h;i/R (A) J&<* d L o s s (T_ i n, 
S_ i n_ I , L_c a) <10Log10 (R (Ap + nX 
S_LM) ) -1OLog10 (R (Ap) ) Satfi"*" 4 

ztt»«i-r«ni*ai icE«©n»*«»Bi*aB 

ffiM.o u t MIC&IVC. TOE3fc*«g&M_o u t 

*»*ffi*#— hta>IWi^ TOE*^ffi§lfflM_ou t 

a <t -r £is#js i xi* 2 icEtta>*« 

[lft#Ji 4 ] TOE B G tfijtt 7?^ / ^0) ^ -rmztetfi £ 

i>4 c ^ £4$® t -r 4is*« 1 nm 3 0 5 % ivf*i* 1 
ai=E«a>n»*a»fiaian*an* u— if— *«• 

[«*3S 5 ] TOEB Gtf¥l*ttR0)3 7»l=«« 
IS#iS 1 752 4 (7) 5 *> 1 JllcE«<B*gfl#ffiS& 

[«#JI6] TOEiS@M2lC^S|*=]-h (AR3- 

250)5*) 1 ai=E«a)^»*«»a«aB* 
*{*u-if-sm. 

[M0IHI6M] 

[000 1] 

— if— fcg^S (wdm) 

[0 O O 2] 

[&*<Bfttff] ;^fi^m (WDM) *a2li>X^ 

* ff 5 c t \z J: y ^ffijKS * £5i<b $ tifeKMUf 
If— 4f-f^-— K (DFBLD) 3b<-»Wlcfi< 

[0003] SUED F B L D^WDMvAf AMId: 

LT»^*i*, aan»s±<fT*3a^i:iEs-r4 

«ittf. SjftSSEffiH^ LT I TU (Internation 
a I Telecommunications Union) -Tgj^O^ItF^iSfiK) 
f^filiEajSIEffl- 5°C-4 5°C ( I T U-T, S G 1 5, 
Q2/15) $#xfcli^. DFBLD^tttLt, 
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^<fitLTL*5»SH*<5nmi:)5:l)o 
[0 0 0 4] C(7)DFBLD<7)Sg^ttlcfiH-r^a-3S 

ft^*:/*;ua>i5*r»s«i** ocb 

/s. 40Gb/sl:fc^t, -tft-^Jlfcct^O. O 8 
nm (10GHz) . 0.32nm (40GHz) "Cft 

77-f/<iilS8 (ED FA) <7)*ii*S»l^lf§3!)<3 0nm 
(C-b and) SftlzH&*lTL*5fc*K !5SB3feii 

[0 0 0 5] -ft**)*,. M8HDFBLD(±. aSHBK: 
<fc«*«»fta>Sfifl:*fT:bfcl^ WDMvXfAffl 
Jiffit LTI*. *MJt6>4MM*«<B L < (Bl*#*-C 
fc<5 0 -MlCffllED F B L D ^WDM v^f 

[oooe] LA^utti&tc,, asEnsiiwj:**a»aa) 

SS<fc£fT5*:#>fcfi„ SftaSffl©if-S7^, aft 

[0007] ajR«ftfc*4»sa«<D««i3!)</ha?<w 

^ (SOA) 0>»ttll^ttE»ttlia)*«9kAMll=«^ 
SiM2 «lz;fci vcflrlE SOA OSttBaK VSBffi £ * 

a>»»aBi=»***ifc^v^iaff»T- <bg> **, 

(ECDL) : R.J. Campbell, et al.. Pro 

c. ECOC 95 We. A. 3. 4, pp. 545-548) 6*l<5. 
[0 0 0 8] C0ECD LlCfelNTIi. aS9Etbl=<J:« 

«KHtfO. 0 1 ~0. 0 2 nmycm&ttji&Zkfr 
fc£-£-5 0 C~4 5"C0)«lf*aa«lBI-j3L^n*1 

[0009] La^Lfta6<&. afift<bl=ff5*a«^— 
h'lMKIl^ ttEBG0)aftftftlc#5S»e— 



*lo°cjg»l) tMW-KO«W±C, ^<7>&ffi 

Kankuws c«a§ercst^r« l < aa«#3fc 

ft^ft® 0FT98-11,pp.7-12) o 

[0010] ttoT. aais»*i*ncft*afi*B cjs 
<j:^io°cgS) ju±a>aaKitioft«aitt-ettfflr« 

e c d l ttS8fflM-eiiftL^ hl*5 tUMfiib o fc. 

10 [0011] miBECD LO)aflESE«ii*i=**-r**s 

ItLtft SOA. BG^ALf:fi>8 (PL 

CirlCcfcy. aSKftlci:*^— K** 
ftL^*3l=«tf**Lfc»»*«»H*»(*U-1f- (E 
CDL) A<ffl*S*lTl*« (##*i»3 :T.Tanaka.et 
a I.. Electron Lett. pp. 149-150, vol. 35, NO. 2, 1999) . 
20 [0012] 

*fc**»»l*i© P L c±lz3t*»*S/ 'J =i A* 
«i*j«-c*«fcJ<K *MBBna>BM>*fctf**itti* 

i/AT-Afflo**i*:u— if-*aic*5t^T. assist 

W£-tefiH*-"i*l-* PCM (PI use Code Modulation) K 
Sft&K^iH (PCM^M) tt»ce^r*-li^-K 
Slifi^S^too, Hffl±^*^ti€> (5 0°cHfi&L 
30 ±0)) t^MURITOMMttfti:, ttfta 
ftlEHrta>fc*aai3j55L^r pcm_mic#l\±i:*j# 

ffla)^aia^»<* u-if-*B * ^^i^fe^o 

[0 0 13] 

[Bi^*t^fctoO)¥S] *Bl::i3l*TBw**i* 

*wa>«»*m*icBiwr*itf. TB<o±fiy-c**. 

40 ( 1 ) 5tif<@&fC£ LTtt< 

l^JM-»fl)»IM1t, HI5SOA(D^tt@t|?r 

7flU=MtLfc77??B«rft?- (JSIT, BGt^t 
-5) fz**3ftJR«»M3i:fcj:y**fi»S»fiE-r4n 
I/— *f- (ECDL) dfcl^T. U- 
1f-MtH4t *a«*«*«IIBt4IMEB GO&tt 
50 hJUS^R.BWi:, MIHSOA0)«^lC±lC 
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.SHBtfl)M-e, 

R_BW< d W_S H B 

£»SU aofilJIBBGCDRItX^^ hJUR (A) 
MIBECDL^S^-KiSSraRlS.LM^. &AftSI 
*^iS(3j:^PCMES3t®SSi@ (felT. PCM.M 
tfM-«) KifcltS. ItCSOAOlffWIdnlCj: 
55fc*S§l3Sa&ga>£K)*d L_e ff.n, SttflzttE 
SOAO»jMIllCfli^**-r«. SUSSSOACD^ffiS* 
laUDRtfMd LlZ£3*#fi«3g&fi<D£it)*d L_e 10 

£ffi}*d L_e f f fclzttffLT**** fJ8HBG(7)S 

ooit*— Kflot&BB gic j: y d Bmaa)^* L o 

ss_LM1«hLos s_LM2d3iM B5I5P CM. 
MlZffl^Tfi- L o s s^AMP.B^b + Lo s s_A 
MP_B*^»^4ttKfCfcMf-&«1tffi«5fe<DS<Dffi« 
Los s_AMP_B (RCA). S_LM, d L_e f 

IESOA<D^ttjf f*CD*^SS_ i ri_U fltiEECD L 
P CM.MBtO^/^- A<»/hia-3T^4ttBIJ=feL^ 
d B^tt^lf ffcSL o s s_L L3^&*««ffl|C«:L^ 

Kt^E- k<d o *»MtaB g iCcfc y »*lB3fe«a<«*'h* 

K4>, IMBBGI=J:y«*dB*tta)«5fe*Lo 

S^CDiEOfit. r&b*aftXCsltMd Loss ( r 
_in,S_in_I,L_ca) kCDfflt:* d L o s s (T 
_ i n,S_i n_I,L_ca) >Los s_AMP_B (R 

( a) . s_lm, dL.ef f) ^ss-r-s^ai^ stria 

SOA0)/^7>-^ r_i n, dW.SHB, d L_e f 
f . ifrtEECD LO)/^* — *S_LM, L_c a. WIB 
BG(D/^7>-^R (A) . WJlBSOA(D^tt. RtftiH 
SEE CD L©tt»ttffli::<fcoT»**/<^>-* S_ i 

n_K «rIBBG<D»HL MECD LaUMKBlCj: 

ot*S^7^-^ R.BWSKSLtl^-S^Bfti 40 

u-if-ser* » « o 

[0 0 14] (2) miE^S* (1) <B*ffii*S»SfcS 

SSSAptL, n=1ffilM*n = 2£LT* E5SEBG 
(D'J-7X^- ;u-c<D&ltx^<<7 h;UR (A) A*. dL 
oss (r_i n,S_i n.I.L^ca) <1 OLoglfl 
(R (Ap+nxS.LM) ) - 1 O L o g 10 (R (A 

p) ) £i8£-fSo 

[0 0 15] (3) I9K^S (1) XI* (2) (DttSP* 



afefcts^icffliA^fijcDit^sssfflM.o u t<fflicfct>r. 

lt5ffi5fe#ffiSSS8M_o u t kH9Y&2t&titf-Y*k<DM 

[0 0 16] (4) BTTgS^© (1 ) JliS (3) (&5*>l* 
fcl^T. S^SSBGA<5t^r-</<<7)r]T§I5lC^fi£*i^•CL^ 
[0 0 17] (5) fflK^S (1 ) (4) <D5*>1^ 

fci>r. »iiaBG)b<s l iffi**afi»a)=3 7'ffli3BfiE**LT 

L^;mSitt#I<D B G t* fc ^ o 
[OO 1 8] (6) ffII5^S (1 ) JbS (5) <D5*>1^ 

^IEiS®M2lC^SItzi-h (ARzi-h) €■ 
ffi-TAv ^^(*Sttll(D*»; , fi»^rS]lc*t-rSdaSM2 

[0 0 19] -r*:=b%. **«<D*-f >H*. 

*) o>att)ifci»jstt»©ftwa*rtii=i3^r36fe«- 

^CDfflSMl <t. «9ESOA<DSttHi:S9iaSttB<D* 
»iK»fpH^fcl^TS5t)^4S5ffi-e. tffliaa&SM 1 fcliRft 
£t,d--:£<7>aS®M2|::fcl^-t\ MIHSOA(7)Stt@3fe 

ItfflJM 3 £ ic* y ft*S**^jS?«*ttK&«fi¥« 
+f— (ECDL) , Xt/fWECDL^PCMl 
&ai@^ffi)&l:i;fcl>T. 1MB (BG) 
* tz l*aflE*fft#fl: £E o /:BG ^-^(D^t^ffiSSa <t 
LTffl^*«jaO^Sl5^|gM^»t*:U-if- (ECD 
L) iCfcHT. WISBG(DSltX^^ MUfrSMBR.B 
MiaECDLlzAlii!i§«M<bLr^^^tL^SO 

Ao«»iz£izts#LTa*^^ta^5pj^ta«o)asa) 

K^aSfi d W_S H B^COW^S 1 0>5t£;S£-e#& 
J:3rcKS-T*Ci:lcJ:y. 
[0 0 2 0] 

[»1] R_BW<dW_SHB 

?r«HBBG©|H5fefl)»»'eW»lL. WB*lc* IMt&fQtt 

b g a>iR5ko!)ttx&t/ff it»n«ttn» Aa>m«a)«* 

^^>cfc5lcL. MofiJEBG(DSItx^^ K;ur (A) 

TOEECDLCDIK^— KafiMKBS.LMi:. 
m35«^i@l^cfc^)PCMfim3fe3iS^i@ (PCM.M) 
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^jafi<OSlfc*d L_e f f_n. Xt/flilES O A(D&£ 

SJirfft^^-r^. l?SBSOA(0^fiS*fSia)J»{*|gd 
LICJ:^. A^SS§^SO^Sb*d L_e f f_T(D$g 
itfeSirC^ l5E##»»0>3te#fi»3iaJ!ifi<0& 
»*d L_e f f <_ left?? Ltftf^xIrC^ lWEB 

g£:L oss_LM1_Los s_LM20i^L o s s 
„LM1-Loss.LM2^ tffiE P C M_M |C#1*T 
S- Los s.AMP.B^b + L o s s_AMP_B*T? 10 

*n^««ttic*,Mt«fnE»jfe«)««>a*iLo s s_a 

MP.B (R (A) , S_LM, d L_o f f ) 

;h,£soA0)*-v'J7a>/*> Krt«T«»B»lll|r_ i n 

-/)<S/^<^^oTl^^[Ba)3t^fi§§P R 33tT-Si^S_ i n_I 
ItrlHECDL^HJaiM^SSSL^c a ^IZ-R?^ 
LT*£&<-Z*>a>. fJlSPCM_MB*<7)*/<9— 7b<S 

— KA<. MlSBGlC^ya^dBmiiO^aLo s s 

l^cfc y IS^tiffcfttf&t IVtt*— KflDWrtBB G lc <fc 

y«*d Bmiia)ti**L o s s_n l £3ii*fcSM*L 

o s s_L L-Lo s s_N Ltf. EEf~$£fi!tKSgl::&£$a 

»***a>jE0>_L tfe^^fi^fflKftSld Loss 
(zr_I n,S_i n.I, L_c a) t<DmV. »20^J 

■ja-e#**3icwe-r*=ii=j:y* pcm_nps 

(Networ Packet Switching) In. fc£SgEJS#l-eSl*u 

szticjiy. *««^-Ka«3wniBBGa)jE»e- 

yirb&cfcaKLT. ca)SS<bL-C*ffi«fi*ftlfBB 
G £ *: l*2BJS ftttf? <fc £B o fcf5SB B G (Dixit tf — £ jfi 

[002 1] 40 

[Si 2] dLoss (r_in.S_in_I.L_ca) > 

Los s.AMP.B ( R ( A) , S_LM, dL.ef f) 
[0 0 2 2] 

[g? 3 ] dLoss ( r_ i n . S_ i n_ I , L_c a ) < 
10LoglO (R(AplnXS.LM)) -lOLog 
10 ( R ( A p)) 

pcM_Mtts§icfci>rm-^- KMMti 



fc^sai^fct>"cp cm_miz-h£i%_£i:^. 

[0 0 2 3] fcLTIc. ^fgWlCO^T. 

ss^ss (ftttfl) tt^[zmm^mLx»m\zmm^ 

[0 0 2 4] 

— tP-3£©(D«*- fc* b G == 9— «JHl*fcftl_MB 1 

©ECDKDttl^t^'Cffcl'J, B2tt* PLC 
_y5t»»ffil^^lS*1±frBG^-^a)5t^aSSffl<- it 

JBi*«1ftjfta>ftl-)MB 2 (7) e c d l SS-rMUBtfe 

[0 0 2 5] HI iCfct^T. IfiSOA. 1-1I*Stt 

RXMBS, 1 - 2 liSttHftVttBff 
fzg] Lfc«M5M 1 % 1-3 Ii3te»3te#«i$ffi<03ft»» 
]frfi]|cffiLfc«iiffiM2* 2l**?T-f/<* 2-1 (in 
7. 2-2lW7^h\ 2-3(*BGff2f£ffli. 2-414* 

[0026] 3t^T>r/<2ic3t^wicS-i^*i-sfi>]a)fiS 

S (M2) 1-31*. AR-J— hj&<18i$*l*j6\ flHM4 
SttH3fc*XmB1-1 (D3fc»jK^|S]£<DftjK£im# 
«ffl)b^&6-9ttaa«et4Av sUM4*a>ffi*_-iSL 

2) 1-3-e<DSlt3b<W)7L'b*L*<*:5f^4o 
[0027] «IIH4gi1-2^ *^J6^SH0)ECD 
L(B-;£cB3te&fi!S£4&M 1 4: It, *7T-f/<2 
iZfl&fifcLfcTOEBG 2-3tf, IIJEECD LCDt5-~^ 
(7)*^ai&«SM 3 <_ Lti<o ffiTE*^r-f/<2lZ^fifc 
£*lf-fljEBG2-3(4. S O A 1 0)**«Sftft*«ll- 
Jt^Sfet^SWX^^ h;H*tt**U S5EBG 2-3(7) 

&«a***3b^iirnfc»««^a>«rEE c dl©* 

IJEE C D L©*»a«SBG 2-3(DS»«fi««« 

[0 0 2 8] H2lC*5t^T. 3ltPLCi!*»aB, 3 
-1(4#*3MMIk 3-2l4BGff2jSfflk 3-3 I4*»# 

di**-h-cife£o mssp Lc»*»«i&3ic**Mic 

l8d**l*flBa)JBffi (M2) 1-314, AR3-h*<I 
**i«a&\ SHM4SttB*»$Rtt» 1 " 1 0>#»«*fil 

lti*«. za>*5i=«*-r*-ii=*y»E«ffl (m 

2) 1 -3T:(0Slt^fflitb*v4J:5l^'r4o 
[0 0 2 9] fig® (M1) 1-2^ *l?!_^S§2a)E 
CDL(D-»fl)**fiSttM1_Lt, *fc. P LC_ 

*siaftB3ic»fiELfcBGfti«»3-2A^ *nmmm 

2(7)ECD LCDt 5-^0)3fe^aSSSM3 _ Lti< fl 
[0 0 3 0] TOEP LCiS*aiiKB3lCJBfiE**l/-BG 
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«Jfi£fiB3-2li, BiFffiSOA 1 (05fcit*g&g?f?iS*l-Jt'< 
a^SSt*"*? h^tt^tL. fflEBG^J«ffl53-2 

fl)SI^^RS»tsSA^f.li■r^^fc^Sls^■erol^Il^E c d lot 
3te#figrtT?ai^ic8ti>3i&M3fc*J££&mMf::W 
a.. frtEECD LOTlBffi;gg£liiJ!BBGfl2Jj£8P3-2ro 

sit^s^isErt i=«ms-r * a # * -r * . 

[003 1] CCt, jfe 7 T-C/< 2 C:ffJj££;h.fcBGffi5 
SESP3-2, PLCS (S i S?lSffiI) &3|jfc8&3 
£*tfc B G ft*l£6B 3-2 (OS.m M—*? iBMKO&g 
ttiSttliO. O 1 ~0. O 2 nm/°Cgg (#3|S:iR4 : 10 
ftmitl. «3*Btf8 0FT98-10, pp. 1-6, ##S:iSK5 : Y.Hi 
bino.et aL.Proc ECOC 99. PD1-5, pp. 10-11) "Pfe-SC 
fl?lEBG(0£8*X'<? h;UA<ffTIHECD L(0«E 

8561 £-5°c~4 5°C(05 CCOTSSffltiSS-f flJ 

0.0 2 nm/tx 5 0°C= 1 n mgglZffilx btt^o 
[0 0 3 2] U5*Lfcj!)<&, jgeSfblCfl^ffirffiBGOT 

sste-^atscosEiftt. aa*fci=#5aEECDL 
oa*— Ka>atti=a*<fc«fe&. jfe^sisfiroiias 20 

*<fc<fc*6mmgg, KMWA<fcJ:-tO. 1 5n 

mug-efc-sJi^ naaaa£yai*i o°cfig(oa 

gUJa-C-gUx-S, fl!liaPCM_M<DK5fl5fI 
ESOA1^(0&Aaaa<bl=#58&MfcaK). *+'J 

**>*aaa*— KM<t>nti= * y . ^ftSPMom 
atfa/hiftiaafcaaafttafc-ra*- a 
ai=«y»*?y. as* Lrasa*- K*<aai=«jy 

"C, ffjKECD Lfr£(OPCM_Mtli;0{f##(Oq c qftA< 
#:fciSK2) „ 

[0 0 3 3] 12TFI=. *IBW«)SfiS8S*3H*U— ff-S 
— «>Xa%— KtfB&&l^3aa0>KH£frlV 3l#a 

[0 0 3 4] U— •f-«>aaa'e-K*ttt£&l*3aa 
ic, K*attat*-*::i:*BMI=. «=E- K 40 

a«mai=it'<n«*a8a©sa»««>a««*»+- 

#l=»< <t* * 3BttS*irU* E C D LIZfe^Tlt. 
[0 0 3 5] (^iECD LI=filt*U— •f-OTSgfi 

%-K*ms*:i«3aa«>iKff) u-tf-aaaaaa 
i*. fiiEsoAi©fij^&**aartaB05a**5i^ 

f=S»©«t*#'ECISt : E- K*«. ffJES O A 1 (O 

*aaAaa>a*«>ati'I**tta%-KLM2 (0 3(0 

5-2) *<. «ai=aa&*«— K-cau. -<ofi3ia 50 



=E-K-eu— y— aataar* (0 3) . 
[oo3 6] u— «»— *a*a»Lfca. <5it>A>fl>nH 

iM*«t=E-KaefiA^sii-r-5ci:i-*y. &*(o«£=e- 

fsaa^E— KKmwa^— KflDasaatfaaLfc*^ 
(■4). *aa*-K*««ya*3y. ft#a&*a-e 
a-sa^a^roa^e— klm 1 (0405-1) -eu 
— if— aa-r*. 

[OO 3 7] «oT. ffi*©ECDLSffll^c«&. S 

IMmit* 2 O(0Jffi=E- K(0 B G |C«fc y 

3 ttttBttty. ai=. pcm_mi:^bg 

ffl+tSfitJttMt-KLMI (05(05-1) , 
L M 2 05(05-2) (Oafcg&fiBie&tf. /x-fU^JI/ 
<1^3tai*l^l-fc^-Cli5-1-H. 5-2-H, (05) 
ic^-T <*: 3 fefiBiia t w 1 13 J; y B G 1= J: y a« 
K LM 2 l=j3LNrS4./h* < ft y . n — U 
^Hi#3ttli*B#|cJS$^TI*5-1-L, 5-2-L (0 

5 ) i=*-r <fc 5 ttttMa t <t * = 1 1= j: y b g i= j: y 
asaatfa*— klm i i=*5i*r. at^* < *-5<fc 

fc^TlilTE-KLN^-eU— tf— SB«L» P-U^iU 

aaaa^ai^js^riia*— klm 1 -eu— «f— »a 
[0038] -r^^^pcM.Micitra-r-s^fc*)-?^! 

E2-3©«t-h'LM1. LM2A<, SSI-^aa^E — 

[0 0 3 9] L**LfcA<e>, 3tiHlffllCfflLNP,+tr^-5 

fPB#W>!><0. 7-2.0X1 0-<3 slS (##S:®56 : 
M. Asadaet al.. IEEE J. Quantum Electron. 0E-21. 5, pp. 
434-442, 1985) klt&tfttp o < y t Lt^Sfcfc. $m 

»«aaa3W»a**t. seaa^- Kancit- ka< 
a«aa^aaa%- K©**aai*i«>*a*i=H:« l 
rwE*ai+. aatL-caaa*— Kan«>a*— k 
aa l # ^af"iaisiTicaa**i*<o«Ea36<«iw 

&*i«aa*<iSw« = J:«<««$;h.-ci*« 

7 : M. Nakamura, et a1. , J. Appl. Phys. 49 (9) , pp. 4644-46 
48,1978) . 

[0040] aaaaaaaaaasaa 
■r*<t, ftiza^fr^^^so a i co*ij^A<-flitafe 
**a*BBi=Ba-e***ai=fet*T*». sticai^fc 
aaaana-ea>aao>*'M=a>»Ha LT«ss-r *a 

[0041] «Eoraai=i*u— y*— ©aaa*— ka< 

-if-«a*8flaufca. a&^«>aBi=j:yaaBa 
rta©affe<oasatt*<a<b-r*36v «iM«a%— Ka 
aa^aa-r* =ti=«ky. a^«»a*— K©a*aa*< 
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<D®mz±v±c. BE«^-KLMi*<»4^a*jft 
cfcy^c. BE«*-KLM2*<«438«Mft«ffe«d 

Loss_LM2d:(Di»dLoss (=dLoss_L 
M2-dLoss.LM1) *y**<ft**-e. 
«HE- Kjb<3*D0>»fi«*— K LM 1 0)££ftf#3*lT 
*«L»lt. *0>B. tteiM»H»Mia)ttXI=J:<sl 
4CStt»ll*i©e»dLo8 s *y*#ft**fi 

KLM2T? U— If — flSS-T 4 C<t<t ft*. 
[0042] ft3fc^0) E C D L iCfclNTO) b— tf— 0)9B 

a^— K^a^ti^aa^ be«*s!e colic** 

It 4 U— If— 0>»a*— Ktftt-SA: l*3«*0>RWc<fc 
-3T+»ICKW-C#40)I*. eiECDL^ J*-* 

-KfHmfffc-rscttHtti^ a*- K*«nm«i= 

ft4<fc5»it*;hTl*4 CI U— If— *ffi(DSJS 

**a>*tiifi«i::ffiB-r 4 2 oo>«*- k<d«4*^s 

5) . PCMJWlCj:yBjBS;h4B*— KiftftttBG) 

a*ttBMicj:y±i;4a*Ba>B»**«. BEiMtK 
«»»fP(D«i*ic < fey±i:*si»w*ife«a)«#. -Tft 

*3%«ifeieiE»Md Loss l=tt^T#*lC*# < ft 
y. IttBd Lo 8 8©Itf+»l:Mi?»*ttai<i:o 

Tl*4fctf>-Cfc4£31»**i4. 
[OO 4 3] 5felc|E^Lf_tt*<7)ECD L(D^e- 

K*^e>y«HfcB-r4BWBI*. Mffilcl*. ;££^0) 

»-T4 2oa)«^-Ka)BGiz*y*4affe^ea'r4 

«fc3ftttffl«kfty. »IC PCM.MlCffL^BG0)^ 
aftl=*H"4«^— KLM 1 (B605-1) % LM2 
(0 60)5-2) 00iftftffiBB«A</N-r u><;u«#*aj 
*B#|::JSlvC5-1-H % 5-2-H. (06) IZ^-Tfllft 
ttBB«t<c4ctlcj:y % . BGlz < fcy»4a*^« : E 
— K LM 2 (Zfc^T«t/J>* < ft y , |b]B#|C/ W U^ju 
fi^*m*B#lcfcit4S5SHa^3£teit§ftd Loss 

(0606-2) «fclj tBEKt*— KLM 1 . LM20) 
BGI:*yi4«*fl)«»dLoB8 (84) 

fty. 

[0 0 4 4] 

[»4] dLoss = Loss (LM1.5-1-H) - 
Loss (LM2, 5-2-H) 

MOQ--U^M1^5fcm;£lB#|cfclxT. 5-1 -L. 5- 
2-L (0 6) \Z7ji-f& o ft(iSK^<l: ft4 Z t ICcfc 
y. BGlZ*y»*«jfe3ft<IB*-KLM1lZj3^T«t. 



/h*<fty. B8*lca-u*ju«»*UAB»i::fclt*m 
EflHEttSldLoss (060)6-2) 
BE«*- KLM2, LMia)BGfCcfcy»4a*0)B 
#Loss (LM2.5-2-L) -Loss (LM1.5 
-1-L) #*£<ft4<fc j 5ftttl§ (06) lzRS4£. /\ 

if-*«L. p— U"<;u«#3ftai*ftici3i\ri*«^- 

k lm 1 -eu-if-ssa-r 4 e 

[0045] -rftt>^PMc_Micii«i-r4^fc*>-e. 

10 ttB2O0)K-KLMK LM2tf. 3EEic»aa* 

[0 0 4 6] (*&0ia)S*MftRB) BE*— K** 
e>^B*B»fl)U-1f-*BttBa)»Be**iL. 

T\ *-K0)f»«Wft»tf*«iB-e#4«k5l=-r*. 

[0047] u^if-««icB#-r 

flJIg-f 4BEBG0)J&|*X'<^ hJl.f*«R_BWt, 

BEsoAco»»iciiz«»LTft*4im»«»iaa 

20 0)»»0)&.55S«*BdW_SHBi:0)m-c; R_BW< d 

w_sHB*«a-c#*j:3r=»a"r*ci:i=j:y. # 
•wfijiMsaftBoa-KasjiBJU^iDB*- Ka>»a* 
bgo»*©»*-c»iil, ^b#ic. #B»n«Bntt 
Ba>x«BS«MMO)B*--Ki=BLrtt. bg©^ 
o)Sds&i/i^ig^fijf#is«]aso)i^^o)as-e, be& 

*«*l*<DfiMtaen 1 -=>0)Sgaifit*— KfiMtaB*— K0) 
*a*W©JL. BCT*-%— KBBKB&ttSJ:?!:: 
t4o 

[0 0 4 8] Sic. BEBG0)£»tr— 
30 fc%-CSlMzB«LrffiB-r4 2O0)« : E— KOBEB 
GlCj:y«4dBJii<aa>«5feLo ss_LMl£Los 
s.LM2(DS^Lo ss_LM1-Loss_LM2 

IttEP CM_Ml:#lNTS - L o s s_AM P_B^ 
&+L o s s_AMP^B^l?ffil!)-r4tfeSlCfc(t4flE 
a^0)^0)a*§L o s s_AMP_B£*S-3lt4o 

[0049] (1) BEE C D L0) 

(1-1) LTffll*4BG©JR|*X'<* 

hJUR (A) . 

(1-2) ftMBHf=J:y KBAHRIS. 
40 LM, 

(2) «fflt4SOA^ BEPCM_MlcJ:4*^a 
S^fSlSiaSCD^ffilJid L_e f f £l*ofc/^>— $ 
BEP CM_M^(D5t/^- 7b<S/ht ft oT t>4tt 
Bfcfct>T. KlcBBttttfcJ^B*- KOTBEBGI= 

*y*4dB*tt©J(|*lLo s s_LLfrb. 

Jglcft t\«B*- K«D 3 *>BEB G Id* y »4fB**A< 
*t*dl*B%— K4>, SJEBGl:J:ytt4dBfttfl) 

i^lLo s s_N L£?|l>fcg#L o ss_LL-Lo 

ss.NL^ Rlc«S«|8lcfe4ia : E- K-ea>*-* 
50 - K U— *f-*B Lfttfft <b y jEC? 
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tttb%*«ISIWid Loss £*3£^5lt*>o 
[0050] (3) Sffl^SOA(0^'J7(0/^ 

(4) fJIHPCM.M^^/^—^fi/ht^oTlN^ 
ttSSlCfcMf^HJgaSOACDSttBWCO^ailS.i n_ 

I . 

(5) 3?S!l»3t^ffiSSL_c a. <tL>o/c/^>-^ 
[005 1] 

[»5] dLoss (r.in.S.in.I.L.ca) > 10 
Los s.AMP.B (R(A), S.LM, d L.e f f ) 

ft-T-BZOflDtt^— KLM1 % LM2IZHLT* IflEP 
CM_Mlzi!HL-CJ&««^— KtfLM 1 <h LM2<tO> 

[0 0 5 2] firatt&tf. MHFE-KtfLMI fcLM 

2fconii-easEi=«y»te**«fc<p*fc»icB:* we 

«^-KLM1, LM2(DBGI;^ y»<5fi*L o s s 20 
.LM1» Loss_LM20^/|«^ P — l/^JMB 

y Vfe«&S&» mB»lzlWE»*a>«a>lft»flt I L o s 
S- LM1-Loss.LM2 | A< % P — l^;Ht#3fcttJ 

eWSftd Los Scfcy**<ft*^583El<fc*IR-efc* 

tf. ::-e, SirEit5fc<DgL o s s.lmi -loss. 

LM2j()<PCM_M|:^TS-Lo s s.AMP.B^ 
&+ L o s s_AMP_B*T?JMM-*ttffi"e. ME&*: 
SO)lftS*fil I L o s s_LM 1 -L o s s_LM2 | tfP 30 

/h£l^-f*<t (B7#RB) % BG<D U—1f— SMRIcBI 

-U^JMB**tB*B»l=telt*tttE»ffeailEI»M36</\ 
&<</J*dl*c2:*t&, BG<DSIt*ib*fi2:#« : E--K 

JB*0)«»tt«H«^. ffiSBi*0)i L o s s _ L M 1 40 
-Los s_LM2^P CM_MlZ^L>TJg- Loss. 
AMP.B^b+Lo s s_AMP_B^T*^l!)-r^ttSg 

icfc<5B»i4 % /W u^Mi^fcii*)^ p— u*;u«*§- 

ftUi*l»a>BB*lcj3t^"C. MEii5fcS<Dt£*f<t | Los 
S.LM1 - Los S.LM2 | *MfflE»5fcaM£W§«<fc 
y/h*L^«tt^««**l«fc»««*^-K^LM1 t 

LM2ta>n-c«y»t3*fci^-i:^fiwy»r. * 
BGoosw+i&ajitftis^-Ksfifi^iiWtt*^ 

ffiS*(DgL o s s.LM 1 - L o s s.LM2)&<, P 
CM.M|Z#I^T&- Los s.AMP.B^b + L o s 50 



s_AMP_Bft*8llt^tt!S3& N by7 hi, P-l^< 
;bffl#«ffl*RO)mEaffe»0!)lft«ffl I Lo s s.LM 
1-Loss_LM2| ifiMfrVitfitt /W U 

*jl^*#ffl»B»lcfiivci*. gJESffcSKDttSfil I L 

o s s.LM 1 -L o s s.LM2 | liffllC^^L. /\-f 

u^;ufi^*m^^a)fjES*i£KitS*^ y^«ivR 

U^;i/«#*ffl*»0!)t»E«ffe»«)lft»fll I L o s s_ 
LM 1 -L o s S.LM2 | *<P — U<*;Hi#3teUJ Aft 

oneajkansiws * y < y , «h=- k©« y 

tS^E- KtfLM 1 <t LM2 < b<Drar*3SSIC«jySt>*<t 

i^ci*az«»f, *fcBGo>s»*iba*^*« 
^e— Ka«a>«Mtta*<mE«5fea)«Lo s s _lmi 

-Los s_LM2*<P CM_MlZ^l>TS- L o s s_ 
AMP^b+Lo s s_AMP_B£-eEKrf £t*88 

MMflt I L o s s.LM 1 - L o s s_LM2 | tNtfrTS 

E«5feSO)l6S*ffl I L o s s.LM 1 - L o s s.LM 2 

Ktxrcwu p-u*;i/«»*aiABW>iiiB«*« 

•EffM^y/hS^ttffl^fitWSttSfc*!). n— u*ju 
4«IM»aF*i. i5fc/\-<uK;u«#*ai^B#0ME^*^ 

0)*£>Ftfil I L o s s_LM1 -Los s_LM2 | tf/W 

jui»* u * B#<Di»Ea5fcaM£»g« * y * * < 

y. *^-KO«y»*>y*«Kz«cfc*<RlllB<i:«ffli: 
tt-Dtzt LttSiJS^- K#LM1 £ LM2 t<Dm-C 

SHic«y»*3*it^-t3&«szy»r. ^ct, b 

Gtt&ltX'*? hJU:«LT0)^-KLM1 . LM2 

a)afittaBa«ic«ct,-rffirEPCM_MiciiraLT. * 

Sffi^E- KA< L M 1 £ L M 2 £ (Dm-Z&KIZV) y H;fc>£> 
fcl*5=£tfezy«ttl*fett-efe«. CttJS** TOE 

k** tr y»^-r*i#»wftdi*i{i# 

[0 0 5 3] SfrEBG0)S»X^^ k;ur 

(A) &S*tf-?;6g£A ptl, n = 1. *IM* 
n = 2tLX. 3 

5ic-r4z^icj:y. KsftftAnmEBGos 

t?. mEBGo>a«e— ^aaiCckyifiL^iK*— K-e© 
jB«fc«y»*3*ctt3Scy. *<ofsm* s&ii&g* b 
Gtfc i*sffi«MS?Mk $b o f- b g oRm e- ^ *s<d 

[0 0 5 4] ai:*#tt4*itA*ifc««*t. * 
"T. DFBS?(D*3H*U— »f— 0)PCM.Ma>B5a>aEA 
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SMtS^^rt U TaSCcfc^Wa 0 0-300 

MHz/mA, (saaia^osftjamic^^gEiiiA^i o 

GHz /m A (#%S:SR8 : S. Kobayashi , et al. , IEEE, 
J. Quantum Electron. , GE-1 8, 4 (1982) , pp. 582-595. # 
%:fciSK9 : Y. Kotaki, et al. . Proc. OFC* 90, THE3. p159, 19 
90) t?fc4^tA<i§*titl>4p 
[0 0 5 5] ZZVit. BSPCM_MlSfflf%i, D 
F B§^»* U— tf — <D P C M_MCD[g(B;£A®2ft£ 

O A<7)3fe^fiS*lSlO)S^ «t LT3.0X10" 4 m| 
fi. S»T^^ Lt1 5 50n m«(D^»{*:U— tf— ffl<7) 
iJtt^ I n G a A s P-P3. 5iStf$«i:, P 
C M J\ma>*fiL*H«at*3fc U 4> S O A (Dft&ffig 
^[3]<D|§Sj[lfiO^K)*li. 3.5X4.66X1 0""> m 
/mA^mb^ PCMJ\m<DHM)0**l*«ata> 
IB^5 0mAi:tl>i:, ttffl-f <5 S O A<7) P C MlS 

f [* % 3. 5 x 2. 3 3 x 1 0- 8 m= 8. 1 5 5 x 1 O" 8 

[0 0 5 6] TOffiBG£ft#«Stt£ LTffll**BM-C 

^ HKD3 dB«ttg£<DSSS«lC|B4£WEBG(0 
JSStX^^7 h;UR (A) I*. ISJlTa)»6<Dai3^-r^ 

[0 0 5 7] 



(C.WX BG_FWHM/2)2) 

Zwt?. RRI*tf— Aol*JR»+t>S6«. B 
G_FWHMI*3 d B&lttlHML C_Wli*gIE&8t-C?£> 

[0058] «5U*. e->S»»RR = 0.5 (50 
%) l::fcl*TC_W= 1 . 1 kl*5tiS.&kZ>Zk\~£t>) + 
0. 7 x BG_FWHMgS(DSIt^l^lBlCfclNr. ttffl 
10 tt*l=S-5< BG<0J5»X'«* WI5S»6<Dififtl 

[0 0 5 9] Z0>J:5fcifi{HI** *f— *«lcH LT 

20 [0 0 6 0] fcfcU K*lc|*fWltHIl3j:y»B**L 

Iztr-SC^rlcJ: tj^trt5ti^<7)^a)fii|igLo s s_AMP_ 
B(R(A),S_LM, dL.ef f) 3b<3RA&*L4 0 
[0 06 1] ttEa>ifitt*fl!l**£* iftEit*a> 

iOlfiLoss.AMP.B (R (A) ,S.LM,dL_ 
ef f) It »7<D5t-ea£;K£o 
[0 0 6 2] 
[»7] 



[»6] R(A) = RRe x p(-Log2(A-Ao) 2 / 

Lo s s.AMP.B (R ( A), S.LM, d L_e f f ) 

= L o s s.AMP.B (R.FWHM, S.LM, d L_o f f ) 

= (1 60Log2/Log1 0)(dL_o f f/Ao) (S.LM/(C.Wx 

R.FWHM)) 2 

S8lC^-Ta1. a 2lC«rlSECDL<D« i E— K5K«M 

R|S_LMlC*f-r4ffIIBii*<7)M(DS®L o s s.AMP 

_B (R.FWHM, S_LM, d L_e f f ) <7)»ffifit3tff!I 

[0 0 6 3] ^7>-^LTIt Ao=1 5 52.52 
nm, dL.ef f=8.155x10-8m, R.FWH 
M=0.2nm(a1), 0.4nm(a2) £J8lV flfl 
S2BG0)e-^J5lt^S 1 5%. ::<7><t£(0*tIE«»£ 40 

c_w= 1 . otLfc. «rE*7o>^&ti^*ay. 

WEa*<D£<&JS(igli. WE E C D L fl>* K9MUH 

[0 0 6 4] isiT-ei*. WMk+z* *HttS§icfc£«£ 
rfcy. &^a«iK%— Kqi=Jsit«BGi=j:y£i:6 

i^Lo s s_q£. «««^-Kpl=*5lt*BGlZ«k 
y±C4S5feL o s s_p dLoss_pq = 

Los s_p- L o s s_q"eg£;h,&i§#<7>L£l>fiS*] 50 



HfGt h.p (dLoss_pq,L_ca) ,Gth_q 

(o.L_ca) tL. iM»n»ianMX4i«S'r3X 

*I»JS»*G3 (Am, An, r_i n, L_ca) (#% 
XBM 0 : M.Yamada, et al, , J. Apply. Phys. . 52(4) , pp. 2 
653-2664. . 1981) ««tt«Sl3*5l!frt- K p <D/U 7A 

mat® i.bizfeit*. mKsoA<DStt»n<D*¥« 

SSJ n_I (I_b) t-T4i:. tBE^E— Kq£JMt» 
[O 0 6 5] 

[St 8] S_i n_ I (I_b)< {Gth_p(L_ca)- 
Gth.q(L_ca)| / (G3 (A p, A q, r_ i n , L_ 
ca)-G3(A p, A p, r_i n. L_ca)J 
::t\ MISSL.cal^Lt, naE»8(7>*t£ 
jS£-C#£&:*:<7>d Los s_p q. tft3b%»8»* 
i£tildLos «*IMIMl::*ft*::fcfcJ:LJ. 

Ka*M(Bs_LMicaLTa)»8a*iae*d l o s 
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[0066] m 8 ICTF-f b 1 , b 2 |C. U 7<0/<> 
Kntf8«i$M7. i n/)<1 . O x 1 0-^3 s ^ PCM. 
M0>/W7>lW2ftffll I _b£< I _b = 1 . 2 I _t h (b 
1) , 1. 4 I_t h (b2) (Dm^CD&mttW-ffl&TK 
to fcf£U I _ t hl*U-+f-«S(DL#t^aaS-e 

fey. c<D»{iftjKc^i^r(ii_t h = i 2. 4mA-e 

[0067] 08|CTxta 1, a 2C0#^-e0)R_FW 
HM0lO.2nm, O. 4nml:^Ltl±, I _b = 1 . 
2 I_t hdfcl^Tl** #*£j&C 1-1 , C1-2-C(D 
tef^E— K&gfHPlO. O 5 3 nm, 0.084nmJ:n 

b= 1 . 4 I_t hlCfclx-Cli. ^$/SC2-1, C2- 
2"e0)tSt : E— KXftlHRjO. 066nm,0.105nm 

[0 0 6 8] 

[gfc9] dLoss ( r _ i n t S_i n I, L_c a ) > 
Los s.AMP.B (RCA), S.LM, dL.ef f) 

Ja±ro£?£f+JW^R_FWHM, I.b.S.LM^l^ 
*a>ffl_r_-_-* «TE*9 
0flxl*. S5Kf+»:«fl-emxlS. (Cnd-D R_ 

FWHM=0. 2 nm. I_b=1.2!.th, S.LM 
<O.0 5 3 nm, SSllMi, (Cnd-2) R.FWHM 
= O. 4 n m. l.b = 1.2Xl_th, S_LM<0.0 
8 4 nm. SUM*. (Cnd-3) R_FWHM=0. 2 
nm. I_b=1.4Xl.th, S_LM<0.066n 
m. SUM*. (Cnd-4) R_FWHM=0. 4 n m. 
I _b = 1 . 4 X I _ t h . S_LM<0. 1 O 5 n m. 
IM*. (Cnd-5) S_LM = 0. 0 5 3 nm. I_b = 
1 . 2 x I_t h. R_FWHM>0. 2 nm. SUM*. 
(Cnd-6) S_LM=0. 0 8 4 nm. I _b = 1 . 2 
x I_t h. R_FWHM>0. 4 nm. gUMi. (Cn 
d-7 ) S_LM=0. 0 6 6 nm. I _b = 1 . 4 X I _ t 
h. R_FWHM>0. 2 nm 

SUM*. (Cnd-8) S_L M= 0. 1 0 5 n m. I_b 
= 1.4Xl_th. R_FWHM>0.4nm 

-e#. cross, mgs^-K7n^e>ytftHic^y«± 

_**>„ cz-e. tfit^-Kasra^s^LMfi^ffiSScD 
l_ c a s-ns-r * c <_ icj; y sst^, c_-/><-e 

[0069] hic. 3f«^w»fa»(ojaaa)&^3ififfl 

^3nmil (fJtB##X«1 0) tftSZt^b, 

#ffi*firO0>ig5fc_m^::<itf3 d BH<tfcoTl^ig 
BG5fe^SS§a-eroa**<3dBiaTi:^^«lSl'ffl 



St**^ KJl/0)*{i^:iBR_FWHM^U— If— 

3 * MHt * MSB B G (7) R 

_BW<t — R_FWHM<3. 0 nmi LT. 2E*g 

«ncB g ic j:4a5fe<Djaa^<fc y ct^M 

[0070] 890)^ (SlJ^<D»2(7)^<t^ 

■r^iGt^— K*BG(Dss^e— ^ssifi«a)2 x n<na> 

10 ITE— KlcRRSU *<Dfl_<D«*— K<D§#£B Glcj: 

^s^roasi^cfc y »wr« z 1 1=* y toee c d l© 
tifii^Bizfc*^— K^56«aft^«jy»*3*«k5 

[007 1] 

[$t 1 0] dLoss (r_in.S_in_I.L_ca) 
20 <10Log10 (R(A p + n S_LM)) -lOLog 
10 (R(A P )) m&j&0)iSl3 0)j£kmC) 

zc-e. a piiBG<DSite-^?^. n[iua±o)_i 

»T?fctJ. U— tr-^S^SC0^<k<DfcA6lC|in = 1 
^fclin = 2gS<--r^Z<t^<||*LL^o 
[0 0 7 2] Willi. E8lC^I+j(^[Cfcl^T. I _ 
b = 1.4xl_th. IOS_LM=0. 0 6 6 n mCD 
B#. »1 O0)^a)^^bR_FWHM>O. 2 nm^l 
***U I^B#(C. :(0^R§iHfiidLoss- 
0. 2 7 7 dBt'fcW, »1 1 WbR.FWHM 
30 <0. 4 3 5 nm*^3ft£;h&o 
[0 0 7 3] 

[81 1] 0.277dB<10Log10 (R (A p + 
n S_LM) ) -1 OLoglO (R (Ap) ) 
Jg-_rf£-. I _b = 1 . 4 x I_t h. fiOS_LM = 
0.06 6nm(D^ O. 2 nm<R.FWHM^0. 4 
3 5 n m^ai&S+ffi^Sfcto^jh&o 

[0074] ECDL<7)Bi$PCM_MrofDfflS- 

<sif§c3s xafftts-aft-rAfeabE colons 
ssgi*. fi^*36«**«»rt-co* : F-»**Ja<tty* 

[0 0 7 5] «5X.IS. SiattSSS^6mmgI(DEC 
D L "0. 3.5GHz gS0)Sl@«^J I) 1 0 A^ffl 
_r£*iTl^<0-C. 1 :T.Takagi,et aL, 

Proc. ECOC 98, pp81-82) . lWSe$a_rl::fc£ E C D L Izffi 

CDLS»j$tl)«^ «EJtl?. 622Mb/sNRZ 
Sia-ei*, 3ia^ffi§SfiL„c a< (2x3.5GHz) 
50 /6 2 2Mb/sX6mm-68mm*I, 
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^E- KaSS*S^»:"CS_LM-0. O 1 8 nm<*:y** 
<. 2. 5G b/s NRZ^gg-Cl*. 3gS&&&S§SL_c 
a< (2x3.5GHz)/2. 5Gb/sX 6 mm — 

-0.071 nm«£y*£<^£C<tj6<#tt£;h,&o 
[0 0 7 6] &tz* momtLX. SOA(Df7^S 
O. 2mm, 77-f/®BG§8mm, It §1 

^l^gO. 2X3.5 + 8X1.45-1 3mm(DE 
CD Lt?Efg£i@3$ig7. 5-8 GH z £3j£LTl^ 
£L*5*#*fcy (#%:fcffln 2 : F.N.Timofeev.et a 10 
I., Electron Lett. vol. 35, No20, pp. 1737-1739, 1999) . 
C(7)$g#C:fc£ S O A <t mmCDftfeZG? £ S O A £ ffl 
INT ECD L^«|i£-r^ii^. HE*"?, 62 2Mb/s 
NRZji-eit 3SS&#fiSfiL_c a< (2 x 7. 5G 
Hz) /6 2 2Mb/sXl 3 mm— 3 1 3. 5 mm* 

m. tftb4«-KaM»I-es.LM-o. 0 04 

nm*lj*#< % 2. SGb/sNRZjEntftt. S6» 
^!SllL_ca< (2x7.5GHz) /2.5Gb/ 
s x 1 3 mm- 7 8 mm^JS. "T : E— KBSt! 
ft*tS.LM~0. 0 1 6 nm«fcy**< 1 OGb/s 20 
NRZ^ii-eii. Ha^S§§«L_c a< (2 x 7. 5G 
Hz) /10Gb/sXl 3mm— 1 9. 5mm5fc;S. 
■Tttfrttt^— KS«M*«"CS_LM~0. 0 6 2 nm 

[0077] 5feiiflffl3te31<b L"C*«BJ(7)EC 

DL*Sl*«»*, u-«j-*a*, 
:a***fr*(Dfi»Ry5MM^ *&B-B(D E C D L(7)3t 
*B»Wi::llo-C*TL*lV Zft&5ttRy%*<IRH 
■CU-1f-*a«tt3b<^»3Et<i:y. Rfaa)4*tt«t«6 
ftfclUraiclBfczfc****. 30 
[0 0 7 8] Z<7><fc5fcRSI*. rt»ttirt*«>K»Ky 
ftA<TOIEECDL0)**a»rtlcR&ttLxJ:5l^ *ffl5 

aj^Sttyut-fctoicffl^ftflsoft^asaMs <b 

9 (a) 0)2-3. tfcttHi O (a) , (b) (7)3- 
2) % gfclMiMI (i9 (b) <7)1-2. *fcl±H 1 O 

(c) . (d) oi-2) h (H9 

(a) , (b) (7)8. *fcltBl 0(a), (b) , 

(c) , (d) (7)8) t<0m\Z%7^{ VU— * (B9 

(a) , (b) (7)7. f-fcfiBlO (a) , (b) , 

(c) , (d) (7)7) SEltiziWUBiyiKz 40 

[0079] 3tfB2ECDL(DSOA(DateJg(7)&3l&;fi 

fiii=aaft*B-e. mssECDL(D*^fisfti:LTffl 

*«+»lC»ff**t-C3SCl^i*, *8®M 1 £$MM2T*ff2 
***l***a»©«*-Kt. «HBECDLa>«^- 

Kttfa^L, »ao!)«tt^»&4itt^«afzB4zfc 

[0080] C(Dcfc5^KSfi. dg®M2(CARl3— h 

sum*. miao>attaa)jiKvaa%Aii=M 50 



-r*fis*6~9a«it«A\ sum** -ta>Bs*sjfi-r 

/)^-r4Z4:lcj:yMffiM2 35^&©a»S+#lc(S»*-fr 
[008 1] Jc^7-f/<lC}fM*^fcBG, SiPl 
SttSttl*. iaO.0 1- 0. 0 2nm/°CgS (lftffi 

♦*XHU, 5) t»**z±#«***iti**. 

[0 0 8 2] ■6ftaKaSHS-5 a C-4 5°C(D5 0°C(D 

•■tfitt*^, i9BECDLo>«aa«a)«if*aft 

flSBrc£lt«MU«l*« BG^aSfiXUnO. 0 2 nm 
/°CX 5 0°C= 1 nm£. fifjEBE C D L(7)$E£^ — KM PR 
S.LMOft* SftKffliL&Jh.. S„LM=0.05nm 

aaiBG^asaaiwcjt^+^ic/j^L^a*. bg 

[0 0 8 3] 5t37T-f/N # lCff^^HfcBG. S i M 
&afi%«&BlCKJS»:flfe B G (D&M fc?-$ *«0>a 
flttWMSI*~0. 00 1 nm/°ClS (SJE#**« 

4. 5) rz«-eaKatkffib«tLri^«c&«t«««tL 

[OO 8 4] ^©.t 5 62a)Rttff 10)B G SfflL^fe* 
Klffc;SS«5ffl£-5 0 C~4 5t(D5Ot0t5I^(S 

s-r*£* «HHECDL0)»ais«a>«if*aattBizj3 

(t*a«l«I*. BG0)S»JMMBO. 0 0 1 nm/°Cx 
50 e C=0.05nm^ B&SE E C D L <7>«^E— KIHM 

5. LM^ifO, SSlc}CP7Lf,4l^(7)-C. S_LM=0. O 
5 nmgjg^-f <5><t 0. 1 n mlC$-Cjqi^t>4x^o 

[0 0 8 5] lU-t. **WtlC*oT4**lfc*W«. 

ItBaiKMB (MM) lc*rJ*JM*Mlctt«Lfctf. 
*$£Bj(i. fflBBlMB (MM) lcRBS**L*tO)-e 

[0 0 8 6] 

6*i4»**lWi:H«t*ilt ISlTOt»yc*«. 
*«Wlcj:*Ltf. aMttBflt*ttJI)-&ri=. g*Sl±^ 

(5o°cssiu±©) j£i^«if^as«sffl-e(7)* 
mMSOHfct* uft«*%«)aaKnrcj:ysi*Bc 

a«RrattwDM*a«->XT-Afflaa«i|isn*u-if 

[BaonmttKn] 

[@i] *«wa>«aB*»(*u— if-aa©**t«: 

4BG5 ^ — £ffll^*=M6fl2l8 1 (7) E C D L(7)fl»j££;F 

[12] *«Ha>*aH¥«ttu-if-aBa**£tt 

C&*«XBl=Mft&1*fc B G £-;fr(7)*;#«g 

fflt Lrat^ajftoMkan 2 <o e c d l **-r»a 

[0 3] ECDLOOU— If— SBaBH*SS*D*tt?H-r*fc 
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1 -2—&8®M 1 

2-2- 

2- 4- 

3- 1 
3-3- 



[§4] iS«^ECDLCD^fi»^-K(D^y§t>y * 1-SOA 

K 59 -T -5 tf> 0) « IS T fc 3 o 

[ID 5] ii«^ECDL-ef«S8{^-KC0BG[Cj:y» 

So 

[■6] il^^ECDL-eKffitBt^-KCDBGlCcfcya 

[07] ii«SECD LT-fSffiia^-KCOBGfC^ya 

[08] Loss_AMP_B (R (A) .S.LM.dL. 
off), (a1,a2) &Xfd Loss (r_i n, S_ 
in.!, L_c a) , |b1, b 2} ©ftflttHtM**-*" 

[0 9] ife^W/* • S^vV • Vl'—T'CX? (B 

if-v&ttR y y i* < fc»*7-f v u-* * la© 
Lfc«ja«*^-r0-efc-5o 

[0 1 0] TBB»«a*»«W3»*Lfc^^y ■ y 20 
U-^-f (BG) *-*a>**«»«iLfc^»* 

jg§§M*#{* u— *-t?&»k y y b < 



i-i-stt»*»a 



1 -3 -SSIM2 
2-1 -37 

2- 3- "BGtfrtV 

3- PLCi*»aB 
3-2-BGMB 



•BG^sitx^ h;u (»g-H5M$te) 
•Ift^— Klm 1 
-fK%— KLM2 

6-i KtiMssm^- Kna>a*auHf 

§Sd Loss 

6-2 KtiMsa**- Kraoa^ifitew 

§ld Loss 
8 h 



4- 1 

5- 1 
5-2- 
5-1-H- 
5-2-H- 
5-1-L- 
5-2-L- 
5-1-W- 
5-2 -W- 



[02] 





[04] 



[07] 



.4-1 




_4-l 



5-2 



£5 
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j 1 : ! j j V 
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(72)SSf}8# it #P (72)£IB# tSP «tt 

(72)«?S# §£j§ F$— A(#%) 5F073 AA65 AA83 AB25 AB28 AB30 

UC JjCt^FttEB B*¥HI-T S3f1f 8 BA02 EA1 5 EA29 

*m<imii*se£}±*i 



